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(54)Tille: METHODS FOR IDENTIFYING AND USING LOW/NON-ADDICTIVE OPIOIp ANALGESICS 

(57) Abstract . . V- 

The present invention relates lo a method or using a bioassay consisting of an eledrophysiological method and a cell cul- 
ture system or dorsal-root ganglion (DRG) neurons to screen and idehtiry opioids with a high potential Tor use as "low- or non- 
addictive analgesics. Another aspect or the invention relates to a specific group or opioid alkaloids and analogues Ihereor ident- 
ified by the bioassay or the invention for the unique ability to activate only inhibitory.bul not excitatory, opioid receptor function 
for use as low- or non-addictive analgesics. Andther aspect of the Invention relates to the specincuscoretorphine or dihvdroctor- 
pnine or the opioid alkaloid family as low- or non-addictive analgesics and for the treatment or opioid addiction. The present in- 
vention also relates to the preparation or dihydroetorphine hydrochloride (7a-ll-(R),hydroxy-l-methyIbutyIKI4-endo-ethano- 
tetranyproonpavine hydrochloride) and a pharmaceutical composition comprising the compound as an active incredient in the 
rorm or a pharmaceulically acceptable salt. 
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METHODS FOR IDENTIFYING AND USING LOW/NON-ADDICTIVE OPIOID 

ANAJUJESICS 

00101?" T"* 1 " VenUO '' t0 a =P-1"= croup of 

for tre T ! " 10 »'—^««iv e envies .nd 

for treatment of opioid addioti( ,„. Hore partlcul < ' y 

Present invention is directed to etorphtne. " 
dihydroetorphine, ohmefentenyl aBd other opioid end 

: tHe "° f th " •» •"«*!« ..' lo«/no„-eddictive 

addition, this invention provides a bioassey method to 
screened Identity such compounds with the ebility to 

" inhibitory but not excitetory OP oid ' 

reoe P tor-»ediated functions. ' opioid 

The present invention else relates to the D reo»r,tio„ 

STT '0 the preparation or 

rtetn!^\ t9 r hine W< "= hl « r »^ ('«-H-(I.)-hydroxy-i- 
»othy lb utyl,- 6 . 14 - endo . e t hano . tet):a hydrooripevine 

hydrocMcride, end phermeceuticai compositions thereof 

» o 1 ini:\T a t ::in n r t ea:v:r n 0 ir- pMn : ,wg - 1 > ' 

w.4-k 4-u reliever, clinicians have been troubled 

cinturT r : o£ ar ° 9 aadi * w - w 

... rtrived to f ind an la . al analgesic with high potency vet ^ 
low addictivity. A series of opioiOs such as .eperid W 
methadone fFio wtt\i meperidine, 
oeveioped. 1(II,, \ and£ent »^ l »ere=ub S e,„ently . 

effectr eVer '. n ° ne ° f " m a ™*° W* Stained a „ alge sic 
offsets in petients without developing eddiction. ,„ 

for the treetment of drug abuse for some tine: ' . 
Unfortunetely, methadone induces significant psychoi 0 ,ic al 
and physicei dependencies. Conseguently. patients fc 
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r To Hi 9 WUNraWal f — h -ic use of Morphine, . 
rl ^s toT er i ° P1 °^ S Therefore the n ee ; 

into : 

* cellular mechanisms underlying opioid 

S iSZ r treatin ' drU9 abuse and >««*«i4V»Ls : 

anall C ° npOU " ds - Ipv- Pr no„-,a<Uctive 

e.n«Pr* neurons ln , j "notion, 0( 

of a sensory neuron elicited bv f-h- , • P (AP P> 

• «J.xcxreg py the compound in a cell 

a cpntrpl APD vheh^H ?? n ^.W9.1Pn, the APD relative tp 
ppnpentra til! C0B P° S "" ie .»™ "Sayad in tha ■ T. 

ppncantration ranpe of about t H to about „M. opioid ; 'F 
PPmppunas with these ohoraol-m-l.n opioid 
« low- or n»n-.odiPtlv P Ha a I? "! 

>*e { era Wy , the oeU ou tur sor en P ° ? i " TC "" 0 "- 

candidate compound, typically bv b at -h „ , : 

brie, intraPaUuiar ffi'gnS^ ' 

ana racordin, opioW-inouoed „Lr S , - ^ ^ P "' - : ' 

functions, partioui^'on sensor, 
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-bo d i ment these oploids includ r eto p n h n r e d r ed 

or ohmefentanyl. PharmacW* \ n>hme, dihydroetorphine 
5 subject low Phar ^ceuti ca i ^positions containing v h 

3 * Ct l0W " or "Pn-addictive opioids or nh 9 the 

acceptable salt, thereof, together vllh h ? h ** Wace « tic ^y 
acceptable carriers are ' ^ P^^ceutically 

Object p harro9ceu :i c T^^t^ ^/ t He 
( , placement opioid or naloxone. ° > 

Vet another aspect of this („„ D „v 

o t tr„»„ g o Piold ad(S1<:tion h ; 5 

amount of a „o„-addiotiva on<M„ •"•<■"« 
euppraaa withdraw i syP . pto „ s . SU££ ««nt to rciiava or 

^ioM i. withheld tr :; :r a id t TCc A i t :\ n h the awi ^^ 

administration of tha „on-.ddic La ooil '"'"^ 
Period to par.it aliaviation o^T T ana l?esic for a 
oosa of tha non-addicUva ODi l """""^ W 

tw. .ass ca** • • •? 

sufficient to fuiiv „, . zero over a time 

Ministration of £ ^^E?*** '"^ ■ 
Jor about , to abet s days ad L 

from ,b out: i t „ • so ^ ► ' P ° rl ° d » ast4 V - 

withdraw fro. opioid J^^'*^ ™ "° 
i' da, period. In , pref ° " 8n ovorail about 2 to . 

opioid a„a lg as,c ia ££ZZ ^ 
administarad at a dosa of r „ b " ^ 
Por day. Suc „ „ „ ° Ut " « to about joop , g 

-bUn g u, U y. intra.uaouiariy or . ^"""^rad 
by intravanoua orippia,/"!" '"'""'"^i'- ProfaraMy 
vitHdravax •npt^**^ °' ^ ^ ? 

opioid addiotion ia traatad h u " n °" Preferably, 

about 3oo „ g „f dibydroato' hie a' f er * na " ' 

about ona to about L ^ * ' "H** •* . ' : ' 

amount of dihydroatorphins Z thl foli " 

tha followin g about four to 
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about seven days sp that no further dihydroetorphine is 

dlhvdrTt by h ab ° Ut 10 dayS aft - the »«t ad.inistr.tion of 
dihydroetorphine . 

trea.t 3SPeCt ° f inVenti ° n PrOVide - • method Of' 

treating opioid addiction by administering an effective - 
amount of a non-addictive opioid analgesic, to a patient for 
a time sufficient for immediate relief or suppression of W 
withdrawal symptoms due to said opioid addiction- 
administering an effective amount of a longer-acting 
replacement opioid for a time sufficient to maintain the ■ 
relief or suppression of withdrawal symptoms, followed by. 
administering a decreasing dose of the non-addictive opioid 
^algesic for a time sufficient to wean said patient from 
saxd opioid analgesic without untoward side effects 
Typically the initial administration of the non-addictive 
opioid analgesic lasts for about 1 to about 3 days, the Vv 
administration of the replacement opioid lasts ' for about T V 
to about 3 days, and the return to the non-addictive opioid ' 
analgesic with its concomitant weaning period lasts from" K 

fS V**) 8 day5/ * £ 

fro* opioid addiction within an overall 3 to 14 day period. 
Alternatively, the initial administration of the non- 
addictive opioid analgesics and administration of the ' 
replacement opioid can be ^simultaneously! Thus/ these ' 
two opioids are co-administered until the patient is 
relieved of withdrawal symptoms (e.g/ the symptoms are ■ 
effectively suppressed,. Thereafter/administration of the 
replacement opioid is discontinued and the non-addictive - 
opioid analgesic dosage is stepwise or gradually reduced 
until the patient is weaned off of the non-addictive opioid 
analgesic The time periods for co-administering these - ' ' 
opioids is about 2 to about 6 days and for weaning is about 

11 LA? 3 " 8 ' S ° Patient ca " be withdrawn from 

opioid addiction within an about 3 to about 14 day period. 

s ! t Pre - erred ^e non-addictive opioid analgesic 

xs etorphine or dihydroetorphine initially administered at a 
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**e of from aboMt 1Q „ g fco abQut ioQo iu 

dosages are usual iv • • ^ ^ er aa Y- Such 

■» a " usually administered sublingual^ 
intramuscularly or by inttavenous drippL dL^'- " 
severity of the ,ltu. , gripping depending on the 

my or the wxthdrawal symptoms in the «»H.. t 
5 Preferably the replacement opioid is meeL 

Per os at a dose of abont 5 _L ^da^ Ministered 

•: Motive tiz l i>r c : o ::v ai : * 

« Hydrochloride (OHE) il ^^r^STT^^ 
and in an amount effective to «,,! for 0 

without resuitant addict on " l:„: r f SUP ' ir "l' , ' i " 
typically accomplished by administratl Z T l — » 

treatment ^ 0 StfTSSS. 
administration of about o- o„ " uHE ' STT^ 1 ^ 

, 400 ,g p er dey, and suoh ad, „i tra^ o T^"' 

months, i„ rara w,." ° lnlst " tl en can last several 

- "suit in »Jd"d£uo„" P.« can 

co-ad»i 1 n:":"„ v :T, chronic oc acut ° pai » - * v 

-a ^S^I^^:^ "algesic 
effective to * u r a tAme an ^ in an amount 

» T 1 :::„ri:r ss pain vithout 

"vn-addictiv. cpWd anal * - S "'^ ' eXertBd "V I"- & 
bloc, the exclterorv ef V 8XCS ' ™* ° 8 ^ ' nfl Morphine, - 
euch as morph „ I S^"** ^ fields ' 

the non-.ddic « opio d ^ ^ « 

° "00 „» M r day es w U a ''"d" 19 ^ 

treatment ot pain with ? ""^ aescrlbod ">ove fcr 

analgesic. The amc 1 - »on-addictive opioid 

e* i * . ■ : ™<«"nrs of the replacement opioid are .ho„> 

I *?.*** 100 mg per day. Dosages „ f ^ ?" 

else be determined e 5 ebout o.,5 to ebou " t ^ 
5 replacement opioid on a „ei„ht k. • * 

replacement opioid «ich , re i t , 3 C °" bWi °" 

P with a relatively lesser amount o£ a 
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low- or non-addictive opioid analgesic permits treatment of 
pain without addiction or with a low incidence of addiction 
Preferably the analgesic is DHE, etorphine, ohmefentanyl or 
a pharmaceutically acceptable salt thereof, and the 
replacement opioid is morphine, methadone or fentanyl 

The present Invention also relates to improved methods 
for the preparation of etorphine, DHE, and analogues thereof 
usmg thebaine as the starting material. For example, the 
present invention provides a method for the preparation of 
dihydroetorphine hydrochloride (7a-[ 1- (R, -hydroxy-i- 

n»ethylbutylj-6,i4-endo-ethano-tetrahydrooripavine 
hydrochloride) and other salts of DHE. ^ 

In particular, the method for preparing 
dihydroetorphine and its analogues [Figs. .13, 14 and 15 ] 
comprises (1) reacting thebaine with an excess of methyl 
vinyl ketone for a time and under conditions sufficient to 
produce a first product and recovering that first product; 
subjecting the first product to catalytic hydrogenation to 
produce a second product and recovering that second product; 
reacting the second product with a Qrignard reagent of the 
formula RHgX for a time and under conditions to produce V / 
^hird product and recovering that third product; reacting: ' U 
the third product Vith a strong base in an anhydrous 
solution for a time and under conditions sufficient to 
Produce dihydroetorphine or its corresponding analog; • 0 
wherein R is a lower alky 1 group and X is a halogen. The R 
group is preferably n-propyl or i-amyl. The method of 
Preparing etorphine and its analogues in accordance with , 
this invention follows the same method for preparation of , 
DHE except that catalytic hydrogenation step is omitted. 
When preparing etorphine or etorphine-related components, ft 
^preferably n-propyl, n-butyl, n-amyl, i-amyl or 
cyclphexyl. . 

■fill I'll J dePiCtS StrUCtUre ° f lipids: (J, morphine; . 
(II, methadone; (III, etorphine (a) and analogues (b,c,d e, 
thereof, (IV, dihydroetorphine (a) and an analogue (b, ' ' 
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thereof, and (V) naloxone. 

Fig. 2 illustrates positive- and negative-feedback 
phosphorylation mechanisms in dorsal root ganglion (ORG) 
neurons that may result in opioid excitatory 
supersensitivity and opioid inhibitory desensitization 
during chronic opioid exposure. Sustained activation of 
excitatory Gs-coupled opioid receptors increases adenylate 
cyclase activities and PKA, resulting in: (a) cAMP-dependent 
elevation of GM1 ganglioside via PKA, and (b) activation of 
voltage-sensitive K* and Ca>* channels, leading to action 
potential duration (APD) prolongation and enhanced 
transmitter release (if similar APD modulation occurs in 
presynaptic DRG terminals) . Elevation of GMl , in turn 
enhances the efficacy of excitatory Gs-coupled opioid ' 
receptor functions^ i.e.~, hfeterolpgous sensitization 
(resulting in dependence) . The upregulated AC/cAMP/PKA 
system may concomitantly phosphorylate ligand-bound 

inhibitory opioid receptors, thereby attenuating their 
coupling to Gi/Go, i.e., heterologous desensitization 
(resulting in tolerance to opioid inhibitory effects) 
Abbreviations:. AC, adenylate cyclase; PKA, cAMP-dependent ' 
protein Kinase; g K , membrane K* conductance; g Cl , membrane 
Ca conductance. 

Pig. 3 illustrates that acute application of pH-yM 
concentrations of etorphine to a naive DRG neuron elicits V 
inhibitory shortening of the APp/ 1: Action potential (AP)' 
generate* by a DRG neuron in Hank's baianced salt solution 
containing 5 mM Ca« and 5 mM Ba- (BSS, , AP response in 
this record (and in all records below) was evoked by a brief 
(2 tnsep, intracellular depolarizing current pulse. 2^5: The 
APD is progressively shortened by bath perfusion of i f M i 
PM, 1 nM and l mm etorphine; respectively. 6: After washout 
of etorphine, the APp recovers. . 

Fig. 4 shows the dose-response relationship of 
etorphine, DHE and dynorphin (1-13, (Dyn 1-13) effects on 
the APD of DRG neurons. Etorphine and DHE elicited a dose- 
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dependent shortening of the APD (n= U and 13, respectively, 
In contrast, Dyn (1-13) elicited * dose-dependent 
prolongation of the APD at fH-nM concentrations and required 
much higher concentrations (ca . M M) to Morten the APD 
5 (n=35) . 

Fig. 5 illustrates that. chronic exposure of a ORG 
neuron to a bimodally acting opioid (DADLE) causes the DRQ 1 
neuron to become supersensitive to the excitatory effects of 
dynorphin (1-13) (Dyn), whereas perfusion of etorphine 
10 effectively shortened the APD of the same DRG neuron A 
(inhibitory response) . i: Action potential generated by a 
thenTT/r 3 " 6 " 3 WkS with 1 „„ DADLE and X 

bath / Wlth 1 m DA0 ^' ^ APP P"^nged by 

bath perfusxon of 1 f„ Dyn with 1 ,„ DADLE (5 min test). 

15 ^4: APD is further prolonged by sequentially raising the 
Dyn concentration to 1 nM and 1 m {5 min tests). 5- 
Control response 5 min aftei: washout of Dyn with ess 

Sw^" PADW - ^ fM (Btorp) shortens 

the APD of the same DRQ neuron in the presence of ' V „„ > ; . 

20 DADLE. Zr£: Further increases in the Centra t ion of ' • ' 
etorphine from 1 p„ to 1 P „ progressively' shorten the APD. 
*"? Cet ^ S > co »^ol value after removal of etorphine. 
Fig. 6 shows that chronic exposure to a bimodally 
acting opioid (DADLE) followed by acute application of low . 

25 concentrations of etorphine Can block the excitatory APD- 
prolonging effects precipitated by naloxone (NLX) 'in this 
.^sensitive PRG ^on,. 1:. Action potential generated by 
a RGneuron treated for 2 wks in culture With 1 „„ DADLE 
and then tested in BSS with 1 m DADLE . 2.: 1 nM NLX 

30 prolongs the AP P of this pRQ neurin (5 min test) . ^ 1^ ^ ^ 
Xn'r * S ineffective on naive DRG neurons^ 

(Cram , shen, I992a,b) 3: Acute addition ] of i p„ etorphine 
attenuates the naloxone-induced APD prolongation (5 min 

35 TIT* " / Urther Wease in ^-ntration of etorphine to 
1 nM almost completely blocks the naloxone-induced APD 
prolongation. 
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Fig- 7 illustrates the relief of « a i 

sustain body „ eight loss by h e r::rr: ? ated ' 

iniectinne i« - t- t K ' UHB and methadone 

injections in morphine-dependent rat* n a 1 i 

xo. into ; SUM9Se ; ^ T*;™:™^ 

IZ'. P<0 - 01 ' ".^"X «»th. sauna control 

substitut'" dOPl ° tS e " BCt :'?«>- -th.done 
substitution on naloxone precipiteted body W.ioht loss i 
morpbrne -dependent rats, xbe body i.i^^^, v , 
first naloxone precipitation tost is provided in , , 
The second naloxona precipitation f I Column A. 

«sys of maintainino P teS * " as ^formed after 4 

maintaining one group of rate; w hk ^ *. . 

» ? /x,/d. y , divided into I Lbdosesr a seo H P " (100 

C« divided into 4 ^ an a S " 1 " 

the first an* » 5 statistical p values between 

relative to t,e meL'done ZZ 2*5*! ^ • ^ 
„„, ' dopiots th * "ithdraval symptom. scores after 

Fig. B. column A- Withdraw,; 95 described in 

^xuinn a. withdrawal scores frnm «?• 

Precipitation test, column B • Withdraw ^ ' 

■ withdrawal scores from 

9 rou P relative to ^SS^"^- S 1 ^.!^^ ^ i 
Pl » J • qes ^ation of morphine. 
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time of DHE injection (3 ng/kg) . Open circle: control 
group; filled circle: pHE group. 

Fig. 12 illustrates the therapeutic effect of DHB and 
methadone on withdrawal symptoms of morphine-dependent 
monkeys. The arrows indicate the time of naloxone (NLX) 
precipitation (1 mg/kg) . Open circle: control group; filled 
circle: DHE group; filled triangle: methadone group. 

Figure 13 illustrates a reaction scheme for the 
synthesis of etorphine and analogues thereof from thebaine. 

Figure 14 illustrates a reaction scheme for the 
synthesis of dihydroetorphine and analogues thereof from 
thebaine. . > ' . 

Figure 15 illustrates the synthesis of dihydroetorphine 
hydrochloride from thebaine. 

BRIEF DESCRIPTION OF >R BRBVTATTnMs i»c^ 
DADLE [P-Ala l ,D-Wjenkeph a lin 
PAGO tp-Ala' r HePhe 4 ,(?ly-Qi Je nkeph a iin 
DPPPE Tyr-p-Pen-Gly-Phe-D-Pen (Pen = penicillamine) 

U-50,488H 3,4 dichloro-N-m e thyl-N-(2- t l-pyrrolidinyl,. 

cycjohexyl) benzene-acetamide 
Dynorphin 1-13 dynorphin A, Fragment 1-13 /; : 

(Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg- 
Pro-Lys-beu^Lys) V 
Dynorphin 1-17 dynorphin A, Fragment 1-17 ; 

(Tyr-Giy-Qly-Phe-Leu-Arg-Arg-Ile-Arg- 
; Prb-Lys-l.eu-Lys-Trp-Asp-Asn-Gln) 
Etor . etorphine 

PHE dihydroetorphine 

DETAILED DESCRTPTTot i of thr tmvehttom 
In accordance with the present invention V ' 
electrophysiologic assay of the effects of opioids on thV v 
acUon potential duration of sensory neurons in organotypic " 
cultures provides an extremely sensitive in_vitro bibassay "V ' 
to screen and characterize agonists with the ability to 
activate inhibitory, but not excitatory, opioid 
receptor-mediated functions. This assay permits 
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identification „ ( lo „. or non . addictive a - eslc5 >s 

W11 " 89entS " Seful *« treatment of drug addiction 

AS used herein "non.addictive" end "low-addictive" ere 

eddiT °' PreSent inV,nti0n - ">.**~*i"9 op c d 

addiction „ accordance with the present invention, the 
subject opioids are essentially non-addictive at the 

weeKs. ror example, DH S administration to a drug addict in 
10 the range „ £ about 10 „g to about 1000 „g per day which is 

gradually withdrawn over a period of up to 14 days doe, ► 
r&QiiH- • , A ^ ^ays, does not 

result in addiction to DUE. In contrast, even well- 
controlled treatment or drug addicts by methadone 

15 IddL r ti0 ".K nVarlably reSM " S in to methadone 

addiction The present invention, thus, greatly i„ proves 

the present methods for treating opiate drug abuse without 
concomitant addiction to another opioid. 

Ukewise. treatment of acute pain for several days with 
the subject opioids in accordance with the present 

chron Hain^ 7' ««ile treatment of 

ironic pain of long duration with the subject opioids 

result in T f ^ aaai0ti0 " ; - iW -V 

result in exceptional cases. Hence use of the subject 

25 for h S ln r COrtanCe ^ tMS "on is non-addictive 

addilt 6 V "V a3 ?-" y ° f Chr ° niC Pai " W«ents. Th e 

w th 0^ for h ° £ ^ SUb3eCt ?Pi?Ws ' " l»»^ated 
less th ! ! " nl9 Pain •»* 1 « nt « i« low, typically 

ion hs V *° C > at ^ *-«ted longer than V ' V 

JO "° '"""" Pl "' "° -Miction has been observed when 

" «»^ P««^ <««P:ft 3 mohths with b HE ; rtoreov r in 
the rare case, of addiction, such addiction may result fro. 

start!™"'? P ~ Sent ^ bl ~^»V-ting th.be ne T 
starting material for drug synthesis which is carried into ■ 
certain preparations of ORE. lnt ° 

" „• „ AS " SCd herei " "° Pl0id " refers *° "V substance that 
binds specifically to an opiate receptor (easy . £ f £* 
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1986; Pasternak 1988). 

As used herein "replacement opioid". is a bimodally- 
acting opioid that has both inhibitory and excitatory 
effects on opioid receptors, such opioids, generally, have- 
a longer duration of action than the non-addictive opioid 
analgesics with which it is combined for use. Combination 
therapy of replacement opioids with non-addictive opioid 
analgesics permit the latter compounds to block or mask the 
excitatory effects of the replacement opioids. 

Activation of opioid receptors has been known to 
produce inhibitory effects on neuronal activity which in 
turn provides the primary cellular mechanism underlying 
opioid analgesia j p vl VQ (e .g. North, 1986). However 
recent electrophysiological studies indicated that specific 
mu-, delta- and kappa-opioid receptor agonists elicit both 
excitatory and inhibitory modulation of the action 
potentials of sensory ORG neurons isolated in culture in a 
concentration dependent manner (Shen * Grain, 1989; Grain 
shen, 1990) . - -.-; .•> .. 

These opioid agonists were found to eUcit excita^ry 1 ^ 
effects at low (<nM) concentrations and inhibitory effects 
at high im concentrations as measured by prolongation or 
shortening of the calcium-dependent component of the Action 
potential duration (AP P ) , respectively (Fig. 2 ; Table 1) \ + " 
\ ?arller experim ^ ts demonstrated that the excitatory ; - 
effects of opioids are mediated by opioid receptors that are 
positively coupled via a cholera toxin-sensitive Gs-iike 
regulatory protein to adenyl cyclase and cyclic 

AMP-dependent voltage-sensitive ionic conductances 
30 (resembling, for example, beta-adrenergic receptors) (Fig 2 . 
Shen & crain, 1989, 1990a; Grain 6 shen, 1990, 1992) 
Wh.r^i^^ ef fec t 5 are mediated by opioid receptors - 
linked to pertussis toxin-sensitive Gi/Go proteins ' 
(resembling a lpha,-adrenergic receptors) (Fig. 2; Shen i ' 
35 Grain, 1989; Gross et al, 1990) . 

The ability tp differentiate between these bimodal 
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property ot opioids, , xcltatWy and inhib 

actrvxties mediated by two distinct groups of opioid 
receptors, has led to the present invention, and 
pertrcularly to a method for identifying low . or non . 
addrctxve opioid analgesics. Hence, this oethod provides an 
Woassay to identify compounds that can sale ve ly 
Sin It t" ? ibik0ty "'""^ opioid res * 

^ / ys a crucial role ln development of tolerance 

cratn'rsr 06 """^ ~* in Xi£ 

such ' Shen ' Cr ° in ' "">' —PO-nds : 

such properties, i.e. which activate the inhibitory response' 
but not the excitatory response, are useful as non-ado Z ve 
analgesics jjj vivo . 1 e . 

rni ; In Pa ^ iCUUr ' in ^o bioassay uses a cell 

culture system of ORG neurons to screen candidate 

by exDo<?{nrt «->,„ r,^ ' candidate compounds 

observrno its %r . ne ° r0nS *° ocpound and 

observing its effect on the APD using standard 

electrophysiological recording methods. The detailed 
"ethology for growing neurons, treating with . candidate 
expound and recording the APO are provided in Bxlple 

*t not z:z is; ; ,; s s v! ,ni :: 

* teccs t e *9-> prolonging the APD .n nor 
neurons, in about the f„-p« range to m Lg'e i ow- ^ 
non-addrctrve opioid analgesic yjvo. GeneraUy, these - 

nTtI ^ e " eCt ^ 8 tio„-de P end „ „er 

and the responses are mediated by specific opioid receptors 
Hence, the nethod of the present invention provides a 
Powerful tool to identify low- or non-addiotive p 0 d ^ 
analgesics. 

Nearly all the ppioids tested by this bioassay/ 

effects (i.e. both inhibitory and excitatory, oW ^ 
Potential of sensory PRG neurons. *„ such Ipounde "re 
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well-known to be addictive. However, in accordance with 
this invention etorphine and dihydroetorphine (thepaine 
derivatives) (Bentley and Hardy, 1963; Bentley and Hardy, 
1967), compounds previously believed and classified as 
5 addictive (WHO Rep 1966) , have the selective characteristic 
(Table 1) of inhibiting opioid-receptor mediated functions 
without exciting such functions. Both etorphine and 
dihydroetorphine elicit dose-dependent (inhibitory) 
shortening of the APD, starting at about pM levels in some 

10 of the ORG neurons, and reaching a maximum effect at 

levels in most of the ORG neurons (Example l) . Furthermore, 
no excitatory prolongation of the APp occurs with these two 
compounds at <pH concentrations in contrast to the ; , 
characteristic excitatory effepts elicited at low ; 

15 concentration by the bimodally-acting opioids. 

It is well known that chronic exposure of DRG-spinal 
cord explants to bimodally-acting opioids (e.g., morphine or 
DADliE) causes sensory ORG neurons to become desensitized to 
the inhibitory effects of opioid agonists, resulting in 

20 tolerance (Crain et al r 1988) , and supersensitized to the 
excitatory effects of opioid agonists as well as 
antagonists, resembling significant features of abstinence, 
dependence and withdrawal syndrome in vivo (Crain & Shen, ' 
1992a, b; Shen 6 crain, 1992) . ' >: . \ 

25 Sustained activation of excitatory opioid receptpirs 

after chronic treatment with an opioid agonist triggers a 
positive-feedback mechanism that results in up-regulation of 
a Gs/adenylate cyclase/cyclic AMP/protein kinase A/GM1 
glycosyl-transf erase system that may account f or the 

30 remarkable supersensitivity of chronically opioid-treated . 
neurons to the excitatory effects of opioid antagonists arid 
agonists (Fig. 2, Crain « Shen, 1992a, b; Shen & Crain, 
1992). ..: -" . \'^'r^y-y- , ; - • ■ , \t ■ 

When DRG-cord explants are chronically treated with a . 
bimodally-acting delta/mu agonist, DADLE (1 jiM) or morphine.. 
(1 Mg/ml) for 3 weeks, acute treatment with etorphine still 
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APo T* ^^ory dose-dependent shortening of the 

APD of ORG neurons even at concentrations as low as 1 f„ 
(Example 2), whereas bimod aU y-acting mu, delta and kappa 
opioid agonists show a high degree of opioid excitatory 
supersensitivity at concentrations ranging f rom pM to M „ 
(Example 2) . " 

. .! U r he r re ' eXCUat0ry APP Prolongation of' chronic 

of Z 7 neyr9nS Preci P ita ^ ed * -ute application 

of nM naloxone (Fig. l(V, ]( crain . shen, l 992a , b) , whicn 

provides a cellular model of naloxone induced withdrawal 
supersensxtivity in opiate addicts in_^ivo (Crain * shen, 
1992b) can be blocked by acute application of etorphine, 
but not by morphine or other bimodally acting opioid 
agonists (Example 2). 

Tissue culture studies provide strong support that • 

Wrt 7 °f° id rGC?PtPr fUncUo " S "* neurons play i 

important roles ijuivs, both by attenuating analgesic - 
Effects mediated by inhibitory opioid receptors and by V 

The us J"" I CellUUr denying addiction. 

The use of opioids (e.g. etorphine, dihydroetorphihe) , that 
at low concentrations preferentially activate inhibitory but 
not excitatory opioid receptor functions J* vitro, as 
indxcated by the screening model; results S We - 
potent analgesia in yj^ and far less evidence of • 
dependence/addiction than occurs during chronic treatment X 
with morphine and most other bimodally-acting opioids 

The present invention" demonstrates that etorphine (and 
compounds with similar properties as identified by the 
Present bioassay (e.g. dihydroetorphine and ohmef entanyl, ' 
e^cits potent dose-dependent inhibitory APD-shortening 
effects on naive and chronic opiold-treated, "addicted" 

where ry T^T™' * ^ concentrations ■ 

Vhere most bimodally- acting opioids generally elicit 
excitatory APp-prol P nging effects. Bene* etorphine and 
similar compounds of this invention selectively activate 
inhibitory rather than excitatory opioid receptors on DRG 
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neurons, even when the cells are supersensitive to the 
excitatory effects of bimodally-acting opioids following 
chronic treatment. 

Etorphine has long been known to be > lf ooo times more''. 
5 potent than morphine as an analgesic in a n in,als (Blane et 
al, 1967) and humans (Blane & Robbie, 197b; Jasinski et al, 
1975). This invention shows that the high inhibitory ' 
potency of etorphine may he due, in part, to its selective 
activation pf inhibitory opioid receptors whose effects are 

10 not attenuated by the concomitant activation of 
higher-affinity excitatory opioid receptors. 
• The c ^"i^l trial results of the present invention 

show that low doses of dihydroetorphine, a specifically 
inhibitory opioid-receptor agonist, are remarkably effective 

15 in relieving postoperative pain and chronic pain in terminal 
cancer patients, yet tolerance and addiction are far less 
evident than- observed with morphine and other conventional 
bimodally-acting opioids (Example 5) . Thousands of patients 
have been treated with a >9 0 % effective rate and' no 

20 significant adverse side-effects have been observed. 

Furthermore, the potent inhibitory effect .exerted by the 
low- or non-addictive opioid analgesics of this invention 
can block or suppress the excitatory effects of bimodally- • 
acting opioids, i.e. the replacement opioid as defined 

25 herein, to alleviate tolerance and addiction commonly 

observed by sole usage of bimodally-acting opioids (e.g. 
morphine pr methadone) . 

in addition, several hundred heroin addicts have been 

,n S ^r SSfUlly treated ° VSr 3 > WO year P^iod. m this group, 
30 withdrawal symptoms were rapidly blocked and 

dihydroetorphine substitution; therapy was Maintained for t 
about a week with minimal rebound after final opioid 
withdrawal (Example 6) . similar results were obtained in 
tests on morphine-dependent monkeys and rats (Examples 3 S 
35 4). The successful results obtained with dihydroetorphine 
in treating heroin and morphine addiction are in sharp 
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contrast tp the unreliable results obtained i n comparative 
clin ica i studies with methadone and other bimodally-acting 
or mixed agonist-antagonist opioids. 

5 a JuT* an ° ther " PeCt ° f PrS5ent tion provides 

a method of treating opioid addiction by administering an 
opioid or analog therof, in an amount effective and for a 
time sufficient to relieve the withdrawal symptoms of opioid 
addiction and subsequently withdrawing administration of 
said opioid or analog thereof. 
10 Another aspect of the present invention provides 

xinproved synthetic methods for the preparation of D H E 
etorphine and analogs of these compounds; lB addition, a 
method for preparing salts, particularly pharmaceutical 
acceptable salts, of the foregoing compounds is also 
15 provided. 

„r„r e reaCtion °« hB ™ >°' P-Perlng etorphin. (rig. x 
(Ill)) and related analogues is shown In Pig. l3 As 
depicted thcbalne ,1, ls r .„ ct , a ulth „ wof ^ 

20 - "f™ " nder " £lu * f".«-».W„ Any ro n »i„i„g 

The th' * *?T dlstlUsa «.r pt , !rtr V. ': 

Th. thlck oil can be dissolved in .sri, methanol, oooled to 
allow crystallization and the crystals recovered. 

icHo Cry5t,1S V?.shed sevsril ti„es with 

ice cold -thasol end dried to yield ,-ecetyi- 6 , 14. e„ d0 . 

reacted wxth a Grignard reagent of the torsula Wgx to 

It h 17* al . C t 0 . h ° l " ith * *"*'« ■*>■ -gent - 

: CI) in rig.T, ° tth ^- - -Presented by conpound , 

30 _ . T "° * 9r ° UP « «» «ivnard reagent is lower nlkyi and 

varvin, JTT Anal ° aS " ■ t0rPhine a P *"„ s prepared by V 
varyrn, the R group. As used herein lower alXyl refers to 
alkyl groups containing One to six carbon »to„s. These ■ 
9roups n ,y he straight, branched or cyclic chains and 
include such groups as „ethyl, ethyl, propyl, Jsopropyi. 
butyl, sec-butyl, isobutyl, t-butyl, pentyl (asyl). 
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isopentyl (i-amyl) , neopentyl (n-amyl) , hexyl, cyclopentyl 
cyclohexyl and the like. When R is propyl, the final 
product (4) is etorphine. Preferred R groups for etorphine 
and its anaiogues are n-propyl, n-butyl, n-amyl, i-amyl or 
cyclohexyl. 

compound [3] is thus prepared by reacting an anhydrous 
solution of (2) with the desired. Grignard reagent for a time 
and under conditions f Q r the formation of the tertiary 
alcohol. P°r example, [2 ] can be dissolved in benzene and 
refluxed with the Grignard reagent for several hours, or as 
needed, until the reaction goes to completion. Upon 
completion, the anhydrpys solution can be added to an 
immiscible aqueous solution (e.g. , saturated ammonium 
chloride), the product extracted into that aqueous solution 
followed by. separation of the organic and aqueous layers. 
The aqueous layer is recovered and extracted with ether or 
other suitable solvent several times to yield a neutral 
solution containing compound (3). Compound [3 J can be 
further purified by recrystalli zation . 

Reaction of compound (3) under strong basic conditions 
yields the 7-- t i-hydroxy-i- m ethylR J -6,i4-endo-etheno-tetr a - 
hydrooripavihe compounds [4]. Such compounds [41 can be 
recovered by extraction, filtration,. recrystallization and 
the like. When R is n-propyl, then [4] is etorphine; 
....... ' Any off various salts of etorphine or its analogues [4J 

can be prepared by reacting the free base with the desired - 
free acid and recovering the resultant salt by 
prystallization, filtration or the like, in a preferred 
embodiment, [4) is dissolved in an alcoholic ether solution 
and an ether solution cpntaining the desired acid is added 
thereto until the reaction mixture reaches a pH of about 2 
Additional ether is added thereto until a crystalline solid 
[5} forms. The solid is collected, washed with ether and 
dried. If desired the solid can be recrystallized. 
Examples of various acids which can be used to prepare salts 
of [4] are provided in Example 9, 
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A reaction scheme for the preparation of DHB its 
analogues and salts is shown in Fig. 14 . Like etorpninef 
the starting material is thebaine and the first reaction 
With methyl vinyl ketone is identical to form the 6,14-endo- 
5 etheno derivative of the thebaine [2] . However, [2 ] is 
first subjected to catalytic hydrogenation and recovery to 

realty 11 ' ^^'^ Native of thebaine ,„ before 
reaction with a Grignard reagent to produce (4). . The 
remaining synthetic steps proceed as described above for 
10 synthesis of etorphine. Hence, for DHE and related 

compounds, [2] is hydrogenated to produce, [3 ); [3] is .. 
reacted with a Grignard reagent to produce f4] ; and r41is 
reacted with strong base to produce I5J , the free base^E 

15 Z I !! anal0g ' Final1 ^ W *■ reacted with an acid 
15 as described above to produce [6]. 

For DHE and related compounds, the R group of the 
Grignard reagent is lower alkyl as defined herein before. 
When R is n-propyl, then t 5] of Fig. i4 is DHE. The 
■: Preferred R group for PHE and an analogues thereof are n- 
2Q Propyl and i-amyl, respectively. 

Ahpther aspect of the invention is directed to 
Pharmaceutical compositions of the opioid compounds of the 
present invention including dihydroetorphine and its 
25 ITtT**' e !? rPhin6 ltS ohmefentanyl as well 

can ZlTT f ° rmS (CQnp0siti0ns ) citable for administration 

IZZ T abOX,t XP * t0 ^ ">°° active 

30 T r ■ ^ th6Se » ha ™aceutical compositions 

30 the active ingredient will ordinarily be present in an ^ 

amount of about p. 5-95% by weight based on the total weight- 

of the composition- 

in sa Tl • Wed4ent Can be administered sublingually 

„ ^ "° d ° S * ge f ^ms, such as capsules, tablets, and 
35 powders or be administered parenteral^ in sterile li qu id 

dosage forms. / ■■ 
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Gelatin capsules contain the active ingredient and 
powdered carriers, such as lactose, sucrose, mannitol, 
starch, cellulose derivatives, magnesium stearate, stearic 
acid, and the like. Similar diluents can be used to make 
5 compressed tablets. Both tablets and capsules can be 

manufactured as sustained release products to provide for 
continuous release of medication over a period of hours. 
Compressed tablets can be sugar coated pr film coated to 
mask any unpleasant taste and proteqt the tablet from the 
10 atmosphere. . ^ 

In general, water, a suitable oil, saline, aqueous 
dextrose (glucose), and related sugar solutions and glycols 
such as propylene glycol or polyethylene glycbis are 
suitable carriers for parenteral solutions. Solutions for 
15 parenteral administration preferably contain a water soluble 
salt of the active ingredient, suitable stabilizing agents, 
and if necessary, buffer substances. Ahtioxidizing agents 
such as sodium bisulfite, sodium sulfite, or ascorbic acid, 
either alone or combined, are suitable stabilizing agents. 
20 Also used are citric acid and its salts and sodium EDTA. In 
addition, parenteral solutions can contain preservatives, 
such as benzalkonium chloride, methyl- or propylparaben, 
and chlqrplputanol. ■ V 

Suitable pharmaceutical carriers ars described in \ . 
25 Remington's Pharmaceutical Sciences , A. Osol, a standard > 
reference text in this field. 

Yet another aspect of this invention provides a 
pharmaceutical composition which comprises a low- pr non- 
addictive opioid analgesic, pr a pharmaceutiqally acceptable 
30 salt thereof, in admixture with naloxone which is an opioid 
antagonist. The low- or non-addictive opioid analgesics are 
those compounds as provided herein, e.g. etorphine,. DHE, 
ohmef entanyl and the like, in amounts as provided herein. 
The subject compositions are thus useful to avoid 
35 diversion or abuse of take-home preparations of solid forms, 
e*g. tablets of low- or noh-addictive opioid analgesics 
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administered orally or sublingually to uses other than 
detoxification or severe pain relief. since naloxone has 
low oral or sublingual bioavailability, an amount of 
naloxone can be introduced into the preparations that has no 
effect when taken orally or sublingually but antagonizes the 
effect. of. the low or non-addictive opioid analgesic, e.g. 
DHE, when the preparation is dissolved in water and 
injected. The amount of naloxone can be readily determined 
by one of ordinary skill in the art. 

A still further aspect of this invention provides a 
pharmaceutical composition which comprises a low- or non- 
addictive opioid analgesic, or a pharmaceutically acceptable 
salt thereof, in admixture with a "replacement opioid" . 
These compositions are useful for treating chronic or acute 
15 pain as well as opioid addictions. The dosages appropriate 
for each use can be readily determined by one of ordinary 
skill in the art. The low or non-addictive opioid 
analgesics include the compounds provided herein, e.g. 
etorphine, DHE, ohmefentanyl and the like, in amounts as 
20 provided herein. These pharmaceutical compositions are 
provided in formulations as described above. 

The "replacement opioid" is a bimpdally-aeting opioid 
that has both inhibitory and excitatory effects on opioid 
receptors. The replacement opioid is formulated into 
compositions in an amount effective to (partially or wholly) 
relieve or suppress the withdrawal symptoms of opioid : ' 
addiction, or an amount to alleviate pain. The amount of . 
the low- or non-addictive opioid analgesip in these 
compositions is likewise that amount necessary to provide 
relief or suppression of withdrawal symptoms or to alleviate 
pain when used with a replacement opioid, one of ordinary 
skill in the art can readily determine a suitable ratio and 
dosage of analgesic and replacement opioid. 

For example, suitable dosage forms for administration 
can contain from about J 0 to about loop pg of the analgesic. 
When the analgesic is DHE, a preferred formulation for a 
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sublingual dosage contains about 20 *tg to about 40 ng DHE, 
or the corresponding equivalent of a salt thereof, per 
tablet. A preferred formulation for an injectable dosage 
form contains about 20 M9 to about 100 yg of DHE or the , 
5 corresponding equivalent of a salt thereof. 

Similarly, suitable dosage forms for administration of 
the replacement opioid can contain an amount which provides 
from about 5 mg to about 100 mg per day to the patient. 
Preferred replacement opioids include morphine, methadone, 
10 f entanyl and buprenorphine. 

In a preferred embodiment, these pharmaceutical 
compositions contain DHE, or a pharmaceutical ly acceptable 
salt thereof such as DHE hydrochloride, and either methadone 
or morphine. Methadone is preferred for treating drug 
15 addiction whereas morphine is preferred for treating pain- 
The examples serve to illustrate the present invention 
and are not to be used to limit the scope of the invention. 
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■ • Example 1 •/. 

SELECTIVE INHIBITORY BUT NOT EXCITATORY EFFECT OF ETORPHlNE 
AND DIHYDROETORPHINE ON THE ACTION POTENTIAL DURATION OF 
25 SENSORY PORSAL BOOT GANGLION NEURONS IN CULTURE , 

Tissue culture : The experiments were carried out on 1 
dorsal root ganglion (DRG) neurons in organotypic explahts : 
of spinal cord with attached pRGs (from 13-day-oid fetal 

30 mice) after 3 to 5 weeks of maturation in culture. The DRG- 
cord explants were grown qn collagen-rcoated coverslips in 
Maxijnow depression-slide chambers. The culture medium 
consisted of 65% Eaglet minimal essential medium, 25% fetal 
bovine serum, 10% chick embryo extract, 2 mM glutamine and 

35 0.6% glucose. During the first week in vitro > the medium 
was supplemented with nerve growth factor (NGP-7s) at a 
concentration of about 0.5 jig/ml to enhance survival and 



WO 94/06426 



PCT/US93/08869 



10 



25 

growth of the fetal mouse DRG neurons. 

Plectrophys i ologica 1 record j ng ? : The culture coverslip 
was transferred to a recording chamber containing about 1 ml 
of Hanks' balanced salt solution supplemented with 5 mM Ca" 
and 5 mM Ba« (BSS) to provide a prominent baseline response 
for pharmacological tests. Intracellular recordings were 
obtained from DRG perikarya selected at random within the 
ganglion with micropipet probes. The micropipets were 
filled with 3M KC1 (resistance about 60-100 megohms) and 
were connected via a chloridized silver wire to a 
neutralized input capacity preamplifier (Axoclamp 2A) for 
current clamp recording. After impalement of a DRG neuron, 
brief (2 msec) depolarizing current pulses were applied via 
the recording electrode to evoke action potentials (at a 
15 frequency of o.l hz) . Recordings of the action potentials 

were stored on a floppy disc using the p-clamp program (Axon 
Instruments) in a microcomputer (IBM AT-corapatible) . 

,. Drug_test: Drugs were applied by bath perfusion with a 
manually operated push-pull syringe system at a rate of 2-3 
20 ml/min. Perfusion of test agents wa? begun after the action 
potential and the resting potentiai of the neyron reached a 
stable condition during >4 min pretest periods: in control 
BSS, opioid-mediated changes in the APD were considered 
significant if the APD alteration was >io% of the control 
value for the same cell and was maintained for the entire 
test period (about 5 min). The APP was measured as the time 
between the peak of the APp and the inflection point on the 
repolarizing phase. 

Opioid Resp onsivene^: The opioid responsiveness of DRG 
neurons was analyzed by measuring opipid-induced alterations 
in the AP P of DRG perikarya. PRC neurons in PRG-cord 
explants were examined for sensitivity to acute application 
of etorphine or dihydroetorphine at fM to „M concentrations. 
None of the cells (n-12) showed APD shortening or 
prolongation in 1 fM etorphine. However, naloxone- 
reversible APD shortening was observed in 25% of the cells 
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(n=8) after application of pM and nM concentrations of 
etorphine and in 100% of the cells (n=7) after application 
of iM concentrations of etorphine (Figs, 3 and 4), None of 
the ORG neurons teste*} with different concentrations of 
5 etorphine (n=13) showed APp prolongation. 

These results are in sharp contrast to other mu, qjelta 
or kappa opioids (e.g. morphine, methadone, DAGO , DPDPE, . 
DADLE, dynorphin (amino acids -1-13) or (amino acids 1-17) 
amp U-50j4B8H), each pf which show bimodal action such that 

10 low concentrations (<nM) evoked excitatory APp-prolpnging V 
effects and higher concentrations (~AiM) evoked inhibitpry 
APD^-shprtening effects on many DRG neurons (Fig. 4; Table 
1)- For Fig. 4, data were obtained frpm 11 neurdns for • 
etorphine test, half of which were tested with ajLl four 

15 concentrations of etorphine (from fM to jiM) . 

liike etorphine, electrophysiologic tests with 
dihydroetorphine (over fM-jiM ranges) on DRG neurons (n-15) : 
showecj cpncentration-dependent inhibitory APp shortening 
effects, with threshold at f M-pM, and no evidence pf 

20 excitatory APp prolonging effects (Fig. 4). 
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Opioid at low 

concentration 
< nM 



Morphine 

DAGO 

DADLE 

DPDPE 

U-50,488H 

Dynorphin 1-13 

Dynorphin I-17 

Met-enkephalirt 

Leu-enkephalin 

fc-endorphin 

Methadone 

Fentianyl 

LevorphenoX 

Thebaine 

Etorphine* 

Dihydroetorphine* 



Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongation 
Prolongatipn 
Prolongation 
Prolongation 
Prolongation 
Shortening 
Shortening 



Opioid at high 
concentration 



Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 
Shortening 



■ — ■ — , ■ ■• u»vjt tening 
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Example 2 

ENHANCED INHIBITORY EFFECT OF ETORPHINE ON CHRONIC OPIOID- 
TREATED , ADDICTED SENSORY NEURONS THAT HAD BECOME 
SUPERSENSITIVE TO THE EXCITATORY EFFECTS OF BIMODALLY ACTING 
OPIOID AGONISTS AND TO NALOXONE 

Dru ,q tests : House DRG-cord explants, grown for >3 
weeks as described in Example 1, were chronically exposed to 
the bimodally acting (excitatory/ inhibitory) delta/mu opioid 
agonist, DADLE (3 pM) pr morphine (l jjm) for l week or 
longer. Electrophysiological recordings were made as in 
.Example %. 

Results : After such chronic exposure, DRG neurons are 

15 supersensitive to the excitatory effects of opioids (era in & 
Shen 1992a; Shen & Crain, 1992). Whereas pM-nM Dyn (amino 
acid 1-13) is generally required to prolong the APp of naive 
DRG neurons (Fig. 4), fM levels and lower are effective at 
prolonging the APp after chronic opioid treatment (Fig. 5, 

20 traces 1-4). In contrast, acute application of etorphine to 
chronic DApLE-treated neurons effectively shortened the APp 
of the same DRG neurons that showed supersensitive 
excitatory responses to low concentrations of bimodaily- 
acting opioids (Fig. 5, traces 6-9). Furthermore, the 

25 inhibitory APD-shortening effect of etorphine on DRG neurons 
appears to be significantly enhanced. While pM etorphine. 
was effective in shortening the APp of 25% of the PRC 
neurons tested in naive explants (Figs, 3 and 4) , this low ; - ; 
opioid concentration was effective; in all of the chronic - " 

30 DADLE-treated DRG neurons tested, in the presence of 1 yM 
DADLE (n=4; Fig. 5, traces 5 and 6) . This same low 
concentration of etorphine (pM) was effective in 71%. of the 
chronic morphine-treated (1 fig /ml) DRG neurons tested in the 
presence of 1 yg/ml morphine (n=7) . pose response tests on 

35 chronic pADLE-treated DRG neurons showed/in fact, thai the 
magnitude of the APD was progressively shortened When the 
acute etorphine concentration was increased sequentially^ 
from 1 fM to 1 /iM (Fig. 5, traces 6-9). 

The opioid antagonist, naloxone (nM-yM) , does not alter 
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the APD of naive DRG neurons (Grain «, Shen 1992a, b) . m 
contrast, after chronic opioid, such as DADLE treatment, 
acute application of low concentrations of naloxone prolongs 
the APD of sensory neurons (Grain et al, 1992b; Shen & 
Crain, 1992). The naloxone-induced excitatory APD- 
prolonging effect on chronic opioid-treated DRG neurons is 
shown in Fig. 6, traces 1 and 2. Acute application of low 
concentrations of etorphine (pM-nM) effectively blocks the 
naloxone-induced APD prolongation of DRG neurons (n=3; Fig. 
6, traces 3 and 4) whereas bimodally acting opioids are 
ineffective* 

Since etorphine and dihydroetorphine elicit potent 
inhibitory effects on naive sensory neurons even when 
abpiied at extremely low (pM) concentrations and show no 
signs of concomitantly activating excitatory opioid 
receptors on these cells, these in vitro electrophysiologic 
analyses predict that application of etorphine and 
dihydroetorphine in vivo at the relatively low doses 
required to produce analgesia (<1,000 times lower than 
morphine) are not addictive even after sustained application 
for treatment pf chronic pain. 

Example J ' 

SUPPRESSION OF WITHDRAWAL SYMPTOMS BY DHE 
25 IN MORPHINE-DEpENDENT RATS 

Morph ine-dependent r*+ jggdjj . Wistar rats of both 
sexes, 120-150 g body weight, were administered morphine ■ 
subcutaneously (s.c.) twice a day (8:00 a.m., 4:00 p.m.) 
starting at a dose of 20 mg/kg/day, with an increment of 
20 mg/kg/day for 5 consecutive days until the final dose 
reached 100 mg/kg/day. 

Naloxone fNI.Xl nr P r< p <f a . ion fnr fho scorim, of 
Withdrawal- fiV mp tn m , ? : 3-4 hrs after administering the last 
dose of morphine (or pther test drug(s)) , withdrawal 
symptoms of morphine-dependent rats were precipitated by 
intraperitoneal (i.p.) injection of naloxone (4 mg/kg) 
Naloxone-induced withdrawal symptoms were monitored for i hr 
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thereafter and scored according to the method of Wei et al f 
1973. 

Animal groups : After 5 days of morphine addiction, the 
animals were divided into 7 groups according to Table 2. 
5 Each group contained 5-6 rats. 

Groups 1, 2, and 3 received 20 mg/kg morphine (4 times 
the ED 50 for analgesia), 9 mg/kg methadone (9 times the ED$ 0 
analgesia) or 6 vg/Viq PHE (12 times the ED 50 analgesia) by 
i.p. injection, respeptively . These opioid agonists were 
io injected 15-30 min before naloxone precipitation was 
initiated. After the naloxone withdrawal test was 
completed/ groups 1, 2, and 3 were continued on morphine 100 
mg/kg (s.c.) for another 4 consecutive days. A second 
naloxone precipitation test was given on the 4th day but 
15 only saline was administered (i.p.) prior to naloxone. 

The first naloxone precipitation test was performed on 
the animals of groups 4, 5, and 6 in the same manner as for 
groups 1-3, except the administration of opioid agonists 15-^ 
30 min prior to the naloxone test. For the second naloxone : 
20 test, groups 4, 5 and 6 received 100 mg/kg morphine (s.c.) 
twice a day, 3 M^g/kg DH£ 4 times a day, or 6 mg/kg 
methadone, 4 times a day, instead of morphine at 100 mg/kg,. 
for 4 4ays, respectively. "The second naloxone test was 
performed as above on the 4th day. 
25 After the first naloxone precipitation test, Group! 7 

animals were given saline (s.p.) as control for 4 days 
before the second naloxone test* 

The body weight of the animals was monitored during the 
entire period. 

30 Results ; One to 2 min after intraperitoneal injection 

of naloxone, the morphine-dependent rats began to show 
naloxone induced withdrawal symptoms with a peak response 
occurring within 15 min. An hour later the body weight of 
the animals was greatiy reduced. Intraperitoneal injeption 

35 of morphine (20 mg/kg), DHE (6 Mg/kg} or methadone (9 mg/kg) 
prior to the administration of naloxone suppressed the 
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naloxone induced withdrawal symptoms of the rats. No 
sxgnxfxcant difference, in suppressing effect were detected 
among these three opioid substitutes For m u . d 

» T ,ao ne . Pfevsntion ot body j :r 10 ir»r: r.r 

^itJ 8 ' 15 :' " WCtiV ^' either 

. :::::::::: - — - «•».«■:«.-■«.«..;. 

P«cip ltatl o„.. A gr ,a„al ttelght recovery ^ ^ 

was J*rr ne ° US lnje ° ti0n ° C "HE or »,th>ao„e 
15 precipitation test. The loss of body weioht of , k- 

oepenaent rats was tound to be reduce a n', ^rT " : 
treateo with oploia a,o„Uts. Sooout,„l \^ S 
« morphine (on8 hoar aItsr naloxone o * p^tta^ 

a" Lt °" ME " " ethad ° ne - b ° d * <***W was not as 

in » . maintained on morphine r«s 0 \ 

J. Four a aX s later, .. secona naloxone test was Jven The ' 
secona naloxone test resultea in .ore severe wi Lav 
symptoms relative to the first f Ber t . X 

a„i*als that were treatla "I h is " 7'""' ^ ^ 
-rphine, the secona naloxone t«t ail'a ^ °' 

the a„„a ls „,i„t,inea with .eth.aone ,..„./, a,^ 
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second naloxone injection precipitated less severe 
withdrawal symptoms in comparison to the morphine group, yet 
more severe when compare with the DHE group (Figs. 8 and 9) . 



5 Table 2 

Animal Groups Used to Test the Suppression of Ni,X-induced 
Withdrawal Symptoms by Different Opioids 



10 


Animal 
Groups 


Development of 
Morphine 
Dependence 
5 days 


Pretreetment 
(15-30' prior 
to 1st test) 


1st 
HIV 
Test 


Continued 
Maintenance with 
Opioids 

I dBVS 


Pretreatment 
(15.-30* prior 
to 2nd test) 


2nd 
MIX 
lest 


I s 


.1 


Morphine 


Morphine 


MIX 


Morphine 100 mg/kg 


Saline 


NLX 






20— > 100 mg/kg 


<20 mg/kg) 






2 


Same as 1 


Methadone 


MIX 


Snme as 1 . 


Satlrie 


* NLX 


20 






(9 mg/kfl) 




















3 


• Same as 1 


DHE 


MIX 


Same as 1 


Saline 


NLX 








pg/kg) 








25 




Same as 1 




NLX 


Morphine 50 mg/kg 




NLX 


5 


Same as 1 




MIX 


0HE 3 *g/kfl 




NLX 




o 


Same as 1 




NIX 


Methadone 6 mg/kg 




NLX 


30 


7 


Same as 1 




, MIX 


Saline 




NLX 










Example 4 







ANTI-ADDICTIVE EFFECTS OF DHE TREATMENT 
35 QF MORPHINE-DEPENDENT MONKEYS 7 

Morphine-dependent monkey model : Sfeven male rhesus 
monkeys (Macaca mulatta, 3.4-5 kg) were injected with 
morphine (s.c.) twice a day (8:00 a.m., 4 too p.m. ) , starting 
40 at a dose Qf 10 mg/kg/day and increasing the dose by 

increments o£ S mg/kg/day every third day until the dosage 
reached 50 mg/kg/day on the 24th day. This dosage was 
continued for another 10 days prior to performing drug 
tests. 

45 Stage 1 drug tests : The monkeys were randomly divided 

into 2 groups. At 24 h after withdrawal of morphine, Group 
A (4 animals) received 3 ng/kg DHE (s.c.) every 3 h. The 
interval between DHE administration was increased gradually 
so that by the 3rd day, DHE was only given twice a day, and 

50 then stopped for 2 days of observation. Group B (3 animals) 
was treated in the same manner as group A except, this group 
received saline instead of DHE. After completion of these 
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tests, all the animals were treated with morphine for 12 
consecutive days by administration of 50 mg/kg/day morphine 
(s.c.) twice a day. The test was repeated except the Group 
A monkeys received the saline controls and the Group B 
5 monkeys received the DHE treatment. Withdrawal symptoms of 
the animals were observed and scored . according to Deneau & 
Seevers (1964), during the entire experimental period. 

Sixteen hours after withdrawal of morphine, withdrawal 
symptoms began to appear in the morphine-dependent monkeys. 

10 Symptoms 'were moderate at first and included yawning, 

salivation, agitation and fear. These signs became more 
severe as time went on. Within 20-60 h after withdrawal of 
morphine, the animals' withdrawal symptoms included 
vomiting, tremor, teeth-gritting on chain, eye closing, 

15 lying on its side and dyspnea. All these symptoms are 

indicative of extreme agitation. After 60 h these symptoms 
gradually subsided. By 120 h after withdrawal of morphine, 
some moderate withdrawal symptoms were still detected (Fig. 
10). One week later all the withdrawal symptoms had 

20 disappeared. 

in sharp contrast, all of these withdrawal symptoms 
were completely suppressed by DHE one minute after its 
administration (3 yg/kg, s.c.). Two and a half to three 
hours later, withdrawal symptoms reappeared which were again 

25 suppressed by another dose of DHE (Fig. H) . This 

suppressing effect of DHE on morphine withdrawal symptoms 
was observed with each monkey. DHE continued to be 
effective at suppressing withdrawal symptoms for 3-4 days 
with repeated injections at 2.5-3 h intervals. 

30 Discontinuation of DHE injection at 80 h after morphine 
withdrawal did not trigger any withdrawal symptoms, 
indicating that the animals had not become dependent on DHE 
during this substitution treatment. 

Stage 2 drug tests : After the stage 1 experiments, all 

35 7 monkeys were administered morphine (s.c.) at a dose of 50 
mg/kg/day for 7 days. The morphine-addicted monkeys were 



WO 94/06426 



PCT/US93/08869 



34 



then randomly divided into 3 groups. Group l was maintained 
with b.c. injection of 25 mg/kg morphine twice a day for 9 
days. Group 2 was substituted with DHE by s.c. injection of. 
3 ng/kg DHE (equi-analgesic dose) four times a day for 4 
5 days, of 1. 5 wg/kg DHE three times a day for 2 days and then 
twice a day for 3 days. Group 3 was substituted with 
methadone by s.c. injection of 6 mg/kg methadone (equi- 
analgesic dose) four times a day for 4 days, of 3 mg/kg 
three times a day for 2 days and then twice a day for 3 
10 days. 

Sixteen hours after the last injection of opioid, each 
animal was precipitated with naloxone (l mg/kg, s.c) to 
evaluate the severity of naloxone withdrawal symptoms for i 
day. seven days later; another naloxone precipitation test 

15 was performed on these monkeys for 1 day. After completion 
of all tests, 3 monkeys were randomly selected for morphine 
addiction (25 mg/kg, s.c, twice a day for 7 days). 
Naloxone precipitation tests were performed twice on these 3 
monkeys, the first trial .given after the last injection of 

20 morphine and the second trial given 7 days thereafter. 

Since the action period of DHE and methadone is 
relatively short, some moderate withdrawal symptoms appeared 
during the 6 hr intervals between injections on the first 3 
days. After these 3 days, the withdrawal symptoms became. 

25 milder and gradually disappeared. 

Naloxone precipitation tests were carried out after 9 
days of substitution treatment with DHE or methadone. For 
the monkeys maintained on morphine, naloxone injection 
precipitated a series of withdrawal symptoms after 15 sec 
These symptoms included squeaking, soughing, rolling, 
tremor, vomiting, agitation, teeth^gritting on chain, 
dyspnea, and finally lying down on the ground. The animals 
recovered by 7 days later- The monkeys substituted with 
methadone showed moderate naloxone withdrawal symptoms 
including yawning, placing hands on the belly, tremor of 
extremities, frequent teeth-gritting on chain and agitation. 
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However, those animals substituted with DHE showed no change 
in behavior both before and after naloxone precipitation. 
Table 3 shows the scores of naloxone withdrawal symptoms 
from the 3 different groups of monkeys. Once morphine was 
5 fully excreted from the body (7 days after withdrawal) 
naloxone no longer precipitated any withdrawal symptoms. 

The naloxone precipitation test was used to evaluate 
whether these animals were dependent on morphine or had 
become dependent on the substitution opioid. 
10 Fig. 12 illustrates the variations in the scores of 

Withdrawal symptoms in monkeys after DHE or methadone 
substitution relative to compulsive withdrawal. In the 
compulsive withdrawal group (upper trace) that withdrawal 
symptoms reached a maximal score during the first several 
15 days but returned to zero by 7 days after abrupt morphine 
withdrawal, on day 9, naloxone no longer precipitated any 
withdrawal symptoms. For the methadone substitution group 
(middle trace) , the withdrawal symptoms during the first 
several days were partially suppressed, on day 9, naloxone 
precipitated withdrawal symptoms, suggesting that the 
animals have already switched to methadone dependence. For 
DHE substitution group (lower trace) only minor withdrawal 
symptoms were observed. Naloxone precipitation tests on day 
9 did not trigger any withdrawal symptoms. These results 
indicate that DHE is an ideal low- or non-addictive 
substitution drug for treatment of opioid abstinence 
problems. 
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Table 3 

<» f C ° r u? of J nalc ? xon e withdrawal syndromes 
DHE P d . e h pe " dent "onkBys with or without 
DHE or methadone substitution treatment 



Treatment* 
(n) 



Scores of withdrawal syndromes (X ± SD) 



morphine (4) 
15 DHE (3) 

methadone (3) 



1st naloxone 
precipitation 1 ' 



49.0 ± 2.2 
2.0 + 1.0* 
17.0 + 4.6* 



2nd naloxone 
precipitation' 

1.5 ± l.q 
i.o + l.o 

1.3 ± 1.2 



mto \ ^JZt:;^n ^s^^tiLvJ 1 ? ■^•Widi 

decreased to 3 yq/kc rf divided Eft- (divld Jl d int ° < subdpses) 
methadone (divided I iiS /^uSSLii SU * >do9ea > ' and .».« ■■g/kg 
(divided into, a ?ubdoses> . mb **"*). ^creased to .6- »g/kg 

7 days ^^la^* t ™ 
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Example 5 •' -. 

PHE ELICITS POTENT LOW- OR NON-ADDICTIVE ANALGESIA ' -■ 
IN ACUTE AND CHRONIC PAIN PATIENTS 

The results in the first stage clinical trial showed 
that none of the 20 volunteers had euphoria feeling after 
DHE administration through sublingual route at 60 M g single 
dose. At high dosage (e.g. >. l nq per day,, dizziness, ; 
nausea, vomiting and lethargy appeared. The results from 
second stage clinical trial demonstrated that DHE can 
effectively relieve postoperative pain and pain caused by 
terminal stage of cancer. The effective rate of 730 cases 
that have complete medical records was 97.6%. Among them, 
the effective rate of acute pain in patients from' 



WO 94/06426 



PCT/US93/08869 



37 



10 



departments of surgery, obstetric and gynecology approached 
nearly 100%. The effective rate for relief of chronic 
severe pain and terminal stage of cancerous pain was 90-95%. 
The clinical data indicate that the analgesic effect of DHE 
is substantial with only mild side effects, DHE treatment 
was effective in those terminal stage cancer patents that 
were unresponsive to morphine or pethidine (demerol) 
treatment. No cross tolerance to DHE was found in these 
patients. Long-term use of DHE can result in tolerance; 
however, the degree of tolerance is less than that observed 
with morphine or pethidine. 

Clinical treatment with DHE has been conducted in more 
than one hundred thousand patients in China. As an 
analgesic, the main disadvantage of DHE is its short action 
15 period (about 3-4 hours) . Compared with morphine, DHE has 
high analgesic effect and low addictivity, whereas morphine 
has relatively low analgesic effect and high addictivity. 
During many years of trials using DHE as an analgesic, no 
cases of drug abuse were ever reported. This phenomena may 
be attributed to the strict regulation of DHE treatment. 
The medication period for ordinary pain is typically limited 
to 1 week; whereas, for patients with terminal cancer pain, 
the treatment period is much longer. Although Some of the 
patients became tolerant to DHE after long-term use/there 
is a slight chance that a few patients may become addicted 
to the <$rug after long-term use (e.g., >. 6 months) . 



20 



25 



WO 94/06426 



PCI7US93/08869 



38 

Example 6 



DHE SUBSTITUTION TREATMENT SUPPRESSES WITHDRAWAL SVMPTOmc tm 
OPIATE ADDICTS WITHOUT CONCOMITANT DHE^ ADDICTION 

5 General p rotorol : Institution of DHE therapy as a 

substitute drug began with a sufficient dose on days 1-3 to 
suppress completely the withdrawal symptoms. On days 4-7 
the dosage was reduced and by days 8-10 the DHE substitution 
therapy was terminated. This protocol was followed because 

10 (I) withdrawal symptoms are most severe during the first 3 
days after abrupt withdrawal of heroin or other addictive 
opioid; (2) withdrawal symptoms gradually decline and 
disappear after 7-10 days; and (3) consecutive use of DHE as 
a substitution agent for 7-10 days does not produce any 

15 self-dependence. 

DHE admtnlstraHon : More than 300 cases of chronic 
heroin users were treated for 7-10 days with DHE in 10 
hospitals in China. DHE was administered either sublingual 
in tablet form (40 or by intramuscular injection (20 *g) 

20 or by intravenous dripping (20 M g). The tablet form was 
used more often. At the onset of withdrawal symptoms, 
sublingual administration of 1-2 tablets (20-40 „g) of DHE 
effectively suppressed the symptoms. Sustained suppression 
of withdrawal symptoms required repeated DHE medication 

25 every 2-4 h. Total dosage was adjusted according to the 

severity of the withdrawal symptoms. Typically after 4 days 
of DHE dedication, the dosage required to suppress 
withdrawal symptoms was generally reduced. The entire 
course of DHE substitution was generally 7 days. (in one 

30 instance of overdose of DHE, respiratory side effects 
occurred.) 

For addicts whose withdrawal symptoms were so severe 
and violent that sublingual medication was not enough to 
subdue them, intramuscular injection of DHE (20 „g) gave 
55 instant relief. The addict generally became quiet and 

cooperative. However, to maintain the therapeutic effect 
it was necessary to administer DHE by intravenous dripping V 
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(100 fig in 500 ml glucose saline for 6-10 hr) . The 
transfusion rate depended upon the severity of symptoms: the 
drip rate was increased when the patient showed sign of 
restlessness or decreased when the patient was quiet and 
complained of lethargy. m severe cases, intravenous 
transfusion of DHE was maintained for 3-4 days with 
progressive decrease in dosage, on day 4 or 5, intravenous 
dripping of DHE was converted to sublingual DHE • 
administration and terminated on day 7. Occasionally 
treatment was prolonged to 8-9 days, but never more than 10 
days to prevent possible occurrence of dependence. Hence, 
by using this optimal 7-10 day treatment period DHE *s 
effectively employed as a substitute for drug addiction 
therapy. 

15 The effectiveness of DHE substitution therapy was 

evaluated on day lo by the naloxone precipitation test (0.4- 
0.8 mg naloxone, intramuscular injection) and urine analysis 
of the residual amount of opioid. The treatment course was 
considered successful if both tests were negative. 

20 one of the primary advantages of DHE oyer methadone A 

substitution therapy is the early onset of DHE 
effectiveness. Withdrawal symptoms were markedly relieved 
after ip-zo min of sublingual administration or 5 min of 
intramuscular injection of DHE. In contrast/ with methadone 

25 substitution the first dose visually begins at ip mg and is 
increased every hour until the therapeutic effect is 
achieved. Such treatment can last from one to several hours 
before symptomatic relief. This period is intolerable to a 
patxent with severe withdrawal symptoms. Furthermore, 

30 methadone substitution therapy often results in the rebound 
of withdrawal symptoms, suggesting dependence on methadone. 

In contrast, cessation of DHE administration generally 
proceeded smoothly. As with methadone, the side effects pf 
DHE were negligible during substitution treatment for drug 

35 addiction. Since DHE is short acting (only 2-4 hr) , 

frequent administration may be necessary. To avoid'this 
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intravenous gripping of DHE is recommended . However, 
intravenous administration can only be prescribed in the : 
hospital and is not applicable to the ordinary drug 
rehabilitation clinic, since methadone is effective orally ' 
(once or twice a day), one alternative is to combine DHE and 
methadone treatments. For example, DHE is used initially 
for swift control of the withdrawal symptoms and is then 
replaced by methadone to maintain the suppressing effect for 
2-3 days. The treatment is then switched back to DHE on a 
decreasing dosage regime until DHE is no longer needed 
(usually another 5-10 days). This combined therapy is safe, 
pragmatic and convenient. 

Example 7 ' 
According to the following synthetic route (Figure 15) , 
dihydroetorphine hydrochloride was prepared using thebaine ' 
(Compound 1] as a starting material. 

(a) Proration of 7°-acet-vi^6,i4- P n^ o - e t hftnn . H< - T - t K v ^^_ 
thebain e f Compound 7] 

A mixture of thebaine (49.8 g, 0.16 mol, Compound 
1) and methyl vinyl ketone (150 mL) was refluxed in a 250 ml, 
round-bottomed flask for 1 hour. The excess ketone was 
distilled off under reduced pressure. Warm methanol (60 mL) 
. was added to dissolve the thickened oil. Under cooling a 
crystalline product formed and it was filtered, washed with 
25 ice-cold methanol for 2-3 times and dried. The solid (56.6 
g, yield 93%) was obtained, m.p. 120-122 *c. 

(b) Preparation "f 7--acety1-6 li-^-^u^ t^.^^ 
thebaine f Compound 3] 

A mixture of compound [2] (19.1 g, 0.05 mol), ip% Pd /c 
30 (4 g) and absolute alcohol (200 mL) was catalytically 

hydrogenated under the hydrpgen pressure of 40-50 kg/cm 1 at 
55-60-C with stirring for 8-12 hours. The catalyst was 
filtered off and filtrate was concentrated. After cooling, 
the crystalline product was collected and washed with 
35 absolute alcohol. The white solid (15.7 g, yield 82%) was 
obtained, m.p. 135-137°c. 
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(c) Preparatio n of 7" - n - r RV-hvdroYv-i- me thvihi,tvii-fi T 1 d- 
endo-ethano-tetra hvdrothehaine fComnound 4 1 
The Grignard reagent was prepared by the reaction of 

bromopropane (127.9 g, 1 mol) and magnesium (24.3 g, i mol) 
in lioo mh of absolute ether. The compound [3] (99.7 g, 
0.26 mol) in 1100 mL of benzene was added dropwise with' 
vigorous stirring and under reflux. The reaction mixture 
was stirred and refluxed for another 2 hours. A saturated 
ammonium chloride solution was poured into the mixture, 
which separated the organic layer. The aqueous layer was 
extracted with ether for several times. The combined ether 
extract was washed with water until the washings became 
neutral. The extract was dried over anhydrous magnesium 
sulphate. After evaporating the solvent, the crude product 
was recrystallized from absolute alcohol. The white solid 
(75-79 g, yield 67-71%) was obtained, m.p. 184-186«C. 

(d) Proration of 7"-n-(p> -hvdrovv-i-Tnothvlbutvn- K , u. 
endo-ethano-tetrahvdroorinavi ne fComp minH sj 
A mixture of compound [4] (85.5 g, 0.2 mol), diethylene 

glycol (1700 mL) and potassium hydroxide (616 g) was placed 
in a four-heoked flask. After the low-boiling substance was 
distilled off under a nitrogen stream, the reaction mixture 
was heated at an internal temperature of 200-210-C and 
stirred for 14-16 hours. The resultant mixture was poured 
into 10 L of water to dissolve it. A suitable amount of 
ammonium chloride was added until the solid separated out 
completely. The solid was filtered, washed with water until 
the washings became neutral, dried and extracted with 
absolute ether. After ether was distilled off, the crude 
product was recrystallUed from methanol. The pure compound 
(54-58 g, yield 66-70%) was obtained, m.p. 204-206'C. 
Chemical and Spectral Analysis: CjjHjjNO, 

Calc:% C 72.63 H 8.53 N 3.38 

Pound:% c 72.40 H 8.65 N 3.22 

35 M* : 413 

IR (KBr): t (cm"') 3528, 3478, 33l4, 3186 (OH); 
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'HNMR: 



10 



15 



1213 (Ar-O) ; llio (tert. ale. C-O) ; 3040 
(Ar-H); 1633, 1612, 1498 (Ar C=C) ; 1152 
(C-O-C); 1283,1085, 882 (Ar-O-C) ; 2790, 
2Z64 (=N-CHj) ; 820 (Ar-H) . 
(CDClj, 400 MHz, 6 ppm) 

0.78 (m, 1H, 8aH); 0.87 (m, 3H, 25CHj) ; 
1.02, 2.66 (m, 2H, 18CH,) ; 1.07 (m, 1H, 
8BH); 1.32 (s, 3H, 22CH,) ; 1.47 (m, 2H, 
23CH 2 ); 1.40 (m, 2H, 24CH 2 ) ; 1.64, 2.00 
(m, 2H, 15CH,); 1.76, 1.90 (m, 2H, 
19CH,); 1.78 (m, 1H, 7CH) ; 2.21 (d, 1H, 
IOqH); 2.26, 2.44 (m, 2H, 16CH,) ; 2,30 
(s, 3H, 17CHj) ; 2.65 (m, 1H, 9CH) ; 3.09 
(d, 1H, 1QBH); 3.46 (s, 1H, 30H) ; 3.55, 
(s, 3H, 20CH,); 4.37 (s, 1H, 5CH) ; 5.32 
(s, 1H, 260H); 6.50 (d, 1H, 1CH) ; 6.67 
(d, 1H, 2CH) . 
H,,H ? = 9 HZ, 
Wjj,H m = 6 Hz, 
H,,H,o„ = 6.5 Hz. 
(CHClj, 100 Hz, 6 ppm) 

C„=14 . 65, C„=15.86, C l9 =17.87 , C l0 =21. 94 , 
q„=23.36, C,=29.73 f C„=31.70, C„«35.38, 
0,4-36.00, C,j=4 3.44 f C I7 =43,70, C, 6 =45.13, 
?r A 5 - 4 ; 0 ' G n* 4 6.30, C,o=5 2 .62, C,=6 1 . 2 3 , ' ;•• 
C„=76.13, C t =30.38, C|=96.95, C,= 116,76, 
Cj=119.3 5, C„=127.57, C IJ =131 i 92, 
C,=137.7 2, C 4 =14 5.67. 
(6) Reparation of dihvdroetorpM n» h vdrochlnr^e rcomnmin^ 

The free base (5) (14 g, 0.034 mol) was dissolved in a 
mixed solvent of absolute alcohol (400 mL) and absolute 
ether (640 mL) . An amount of ether saturated with dried 
hydrogen chloride was added dropwise until the solution 
35 became acidic (pH = 2). After adding 200 mL of absolute 
ether, a crystalline solid formed. The white solid was 
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H|o»,H )0 „ » 18.3 Hz, 
H^Hu = 11.7 Hz, 



"CNMR: 
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collected, washed with absolute ether and dried. The 
desired final product (14-14,5 g, yield 92-94%) was 
obtained, m.p. 297-298 e C, [a) J0 -65. 

Chemical and Spectral Analysis: C„H„N0«.HC1 

Calc:% C 66.72 H 8.06 N 3 n 

Found:% c 66.70 H 8.15 N 3.09 

Example R 

PREPARATION OF VARIOUS DIHYDROETORPHINE (DHE> SAITc: 
AND ANALYSIS OF DURATION AND POTENCY 
OF THE ANALGESIC EFFECTS THEREOF 
A total of 26 dihydroetorphine (DHE) salts were 
prepared according to step (e) of Example 7 except the 
various acids listed below were substituted for HC1. 
I. Structures of 26 acids employed to form derivatives of 
dihydroetorphine salts 
*1. COOH 
20 C0OH 

*2. CHjCOOH 
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25 



35 



40 



CHjCOOH 
*3. CHjCOOH 



*4 . HO-CH-COOH 

30 CHjCOOH 

5 • CH,CHCO0H 
1 

OH 



6 . HO-CH-COOH 
I 

HO-CH-COOH 



*7. 



CHjCOOH 
I 

HO-C-COOH 
45 CHjCOOH 
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no. 
n. 

12. 

13. 

14. 
*15. 
*16. 

17. 

JL8. 

19. 
20. 




HCCOOH 
IP 

HCCOOH 

CH 2 CH=CHCH=CHCOOH 

CH 3 (CH,) !0 COOH 

CH 3 (CH 2 ) l4 COOH 

CH 3 (CH 2 ) l6 COOH 

C 6 H 5 CH(OH)COOH 

(C 6 H 5 ) 2 C(OH)COOH 

C 6 H 5 CHCOOH 
CH 2 OH 
C 6 H 5 S0 3 H 

HOHjCC-^-i—cf-COOH 
O H OH 



C'MiOH 
I/O JL_J^ 

H OM 
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21. 




22. 

23. 
*24. 

15 

*25. 
*26. 
20 27. 

25 



CHjCHCOOU 
01! 

C.HJNH,) (SOjH) 
HBr 

HO,CCH(NHj)CHjCOOH 
HOjCCHNH^CHjJjCOOH 



H-CH. 



O 

i 

CK.-C-" 
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Crf|tCHJ-C-<J 
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* Preliminary screening tests have been done, 

A "mouse hot plate" (55 »q f Q. 5 »c) method as previously 
described (Huang and Qin, 1982) was used to score % analgesia 
to measure the potency of each DUE salt which was injected to 
animals subcutaneously . The ED M (the dose that gives rise to 
50% analgesia as calculated by the following formula) was 
measured for the DUE salts shown in Table 4. 
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Pain threshold (nee) _ Pain threshold (sec) 
Analgesia % = after administration before administration 



60 - Pain threshold (sec) before administration 

A dose of 5 ED J0 was used for each salt to measure the 
corresponding analgesic duration. "Analgesia %" was 
10 recorded at 90, 120 and 150 min after administration (Table 
5). 

In summary, an Ep J0 (jig/kg) in the range of 0.50 to 2.0 
was observed with the 12 DHE salts tested, indicating an 
equivalent level of analgesic effect conferred by these 
15 salts (see data presented in Table 4). Furthermore, except 
for acetyl DHE, DHE maleate, and DHE amygdalate, all DHE 
salts demonstrated ah equivalent level of analgesia over a 
120-150 min duration. 

_ . Table 4 
20 

Analges ic Effect of Various DHE Salts 
Salts of DHE- E D i0 (ag/ Kg) 

25 DHE hydrochloride l 43 " - 

Acetyl DHE (27) o' 47 

DHE maleate (10) 0 ' 58 

DHE succinate (2) 0 83 

DHE oxalate (1) 0 ',b 

30 DHE acetate (3) I'l* 
DHE malate (4) 

DHE asparagate (25) l' 12 

DHE glutamate (26) 065 

DHE amygdalate (15) 0 61 
35 DHE dibenzoylhydroxyl acetate (16) 129 

DHE citrate (7) - ' { $1 
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• The numbers following each salt correspond 
to the numbered compounds of Example 8 
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Table 5 
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15 




DHE hydrbchlorlde 

Acetyl DHE 

DHE mateate 

DHE succinate 

DHE oxalate 

DHE acetate 

DHE instate 

DHE asperegate 

DHE gtutamate 

DHE amygdetate 

PHE dlbemoylby- 
droxyl acetate 

DHE citrate 



<2.39 i 31.34 
5.96 i 12.65 
15.84 i 13.82 
26.16 f 14.86 
14.21 1 6.37 
21. M ft 10.11 
26.92 ft 23.75 
40.96 ft 37.28 
29.33 i 36.15 
29.15 i 26.73 
45.01 ft 49.66 

56.12 ft 46.4? 



20.05 i 10.91 
8.85 t 9.47 
ND 

30.77 t 42.35 

19.35 i 24.14 
29.54 ft 30.93 

22.36 ft 19.29 
35.94 ft 45.06 

9.27 ft 12.57 
1.87 ft 2.97 
13.85 ft 17,49 



28.49 i 14.21 
WD 
ND 

32.26 ft 35.89 
ND 
ND. 
. ND 
21.44 ft 35.68 
H.09 i 17.07 
,• MP ' 
ND 
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Examp le q 

The pharmaceutical preparations of dihydroet 0 r B h , no 
hydrochloride include a parenteral injecta ' ^ 
solutxon and a sublingual tablet. 

hvdroghlo,.^ . " ; • ;• ■ ■ 

sterillT tnjeCt " W " 1S * P»*™ceutical preparation in a 
tr.nl T""" SDlUUOn - "* -'"-O ^Pearance is 
Tu Z r TOl0rlM '-: contains 

The prescriot^ V" *" 1 * « 

Tne prescription is shovm as follows: 

Pihydroetorphine hydrochloride 20 mo 

' ' ^Parat,o n nf d.h^^,-, ^ ■ - ; ■ 

Sublingual tahUf . ' •• . ' ; 

The outward appearance of the sublingual tablet is 
white. Each tablet contains 20 m or 40 uq of B Jt« 
as active ingredient. ' 9 ° co W* 

» P^IZ^^ PrSSCripti - '« *~O0 tablets at 40 

per tablet is as follows: 

Pihydroetorphine hydrochloride ' nn 

4 00 mg 
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Lactose: starch :mannitol: sucrose (3:1:3:3) 600 g 
Sodium carboxymethyl cellulose (1% aque sol'h) 18 mL 
Ethyl alcohol (50%) 24 mL 

Magnesium stearate c ' • ' 

According to the above-mentioned prescription, a 
designated amount of dihydroetorphine hydrochloride was 
weighed and dissolved in 50% ethyl alcohol. This solution 
was added dropwise onto excipients under mechanical stirring 
to ensure uniformity. Meanwhile, 1% sodium carboxymethyl 
cellulose solution was added dropwise. The soft material 
thus formed was screened through a 20-mesh sieve and the 
same operation was repeated for 3 times. The product was •! 
then dried in an oven at 60 »C. Magnesium stearate was added 
as* a -lubricating agent for the tablets. 
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WE CLAIM: 

1. An in vitro screening method for identifying a 
low- or non-addictive opioid analgesic which comprises 
identifying a compound which is capable of evoking an 
5 inhibitory effect on an opioid receptor-mediated function 
and which is not capable of evoking an excitatory effect on 
said function when said compound is present at a 
concentration ranging from about femtomolar (fM) to about 
micromolar (jiM) . 

10 2. The method of Claim 1 wherein said compound is 

identified by recording the action potential duration (APD) 
of a sensory neuron as elicited by said compound relative to 
a control condition in a cell culture screening assay; 
selecting a compound which shortens said APD and does not 
15 prolong said APD relative to the APD from said control 

condition when said compound is assayed in the concentration 
range of about fM to about M; and thereby identifying said 
low- or non-addictive analgesic. 

3. The method of Claim 2 wherein said cell culture 
screening assay comprises exposing a dorsal-root ganglion 
(DRG) neuron to said compound, applying an intracellular 
depolarizing current to said DRG neuron, and recording said 
APD. 
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A non-addictive opipid analgesic capable of 
evoking an inhibitory effect on an opioid receptor-mediated 
function and which is not capable of evoking an excitatory 
effect on said function when said compound is present at a 
concentration ranging from about femtomolar fM to about jiM. 

5. The analgesic of Claim 4 wherein said analgesic is 
etorphine, dihydroetorphine, or ohmefentanyl. 

6. A non-addictive opioid analgesic produced by the 
process of Claim 1. 

7. A method of treating opioid addiction which 
comprises administering an effective amount of a non- 
addictive opioid analgesic of any one of Claims 4 to 6 to a 
patxent for a first time sufficient to relieve or suppress 
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withdrawal symptoms of said opioid addiction, and 
subsequently administering decreasing amounts of said 
analgesic for a second time sufficient to wean said patient 
from said analgesic. 

8. The method of claim 7 wherein said analgesic is 
etorphine, dihydroetorphine, or ohmef entanyl. 

9. The method of Claim 7 or 8 wherein said amount is 
from apput 10 /ig to about looo fig per day. 

10. The method of Claim 7, 8 or 9 wherein said first 
time is from about 1 to about 5 days, said second time is 
from about 1 to about 7 days and the sum of said first time 
and said second time is from about 2 to about 12 days. 

11. A method of treating opioid addiction which 
comprises administering about 40 to about 500 pg of 

15 dihydroetorphine to a patient for about one to about three 
days, administering decreasing amounts of dihydroetorphine 
for the following about 4 to about 7 days and providing no • 
further dihydroetorphine by about 10 days after first 
administering said dihydroetorphine. 

20 12. A method of treating opioid addiction which 

comprises administering an effective amount of a non- 
addictive opioid analgesic, to a patient for a first time 
sufficient for immediate relief or suppression of withdrawal 
symptoms due to said opioid addiction; administering an 

25 effective amount of an replacement opioid for a second time : 
sufficient to maintain said relief or said suppression; 
followed by administering decreasing amounts of said non^ 
addictive opioid analgesic for a third time sufficient to 
wean said patient from said analgesic. 

30 13. The method of claim 12 wherein said first 

administration of said non-addictive opioid analgesic and 
said administration of said replacement opioid is made 
simultaneously. 

14. The method of Claim 12 or 13 wherein said 
analgesic is etorphine, dihydroetorphine, or ohmef entanyl. 

15. The method of claim 14 wherein said amount of said 
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analgesic is f rom about 10 M to about looo „ g per day 

16. The method of Claim 12 or 13 wherein said 
replacement opioid is methadone. 

17. The method of claim 16 wherein said amount of said 
replacement opioid is from 5 to about 100 mg/day 

said alJT meth ° d ° f ^ ° ne ° f CUims 12 to 17 wherein 

time Z 1? fr ° m abOWt 1 t0 ab ° Ut -cond 

tip. is from about 1 to about 3 days, said third time is 

from about 1 to about 8 days and the sum of said first 
second and third times is from about 3 to about U days 
19. The method of Claim 13 wherein said first and 
second times are a single time period pf from about 2 to 
about 6 days and the sum of said, period and said third time 
is from about 3 to about 14 days. 

15 20. The method of any one of claims 12 to 19 wherein 

any of , administerings of sa . d npn . ad , ictive o . oid or 

said replacement opioid is sublingually , intramuscularly or 
intravenously. y 

21. A method of treating acute or chronic pain which 
comprises administering an effective amount of 
dihydroetorphine for a time sufficient to relieve or 
suppress said pain without addiction or with low addiction, 
wherein said amount is about lo „g tp about 1000 „g 

acut. 2 '*- " eth ° d ° f Claim 21 Wherei " -^ amount for 

acute pain is about 20 to about 60 „g administered V 
sublingually every three to four hours. 

chronic" The . meth ° d ° f C1&im .U wherein said amount for 
chronic pa.n is about 20 to about 100 ,g administered 
sublingually every three to four hours. 

acute 2 oain The W °' " ^ for 

acute pain is about io tp about 30 * administered 

intramuscularly every three to four hours 

chron 25 ' The . neth ° d ° f Clai " 21 wherein said amount for 
chronic pam is about 10 to about 50 „ administered 
intramuscularly every three to four hours 

26. A method of treating acute or chronic pain which 
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comprises co-administering an effective amount of a. low- or 
non-addictive opioid analgesic and an effective amount of a 
replacement opioid for a time sufficient to relieve, 
suppress or alleviate said pain without addiction or with 
low addiction* 



27 



The method of Claim 26 wherein said analgesic is 
dihydroetorphine, etorphine, ohmefentanyl or a 
pharmaceutically-acceptable salt thereof. 

28. The method of claim 26 wherein said amount of said 
10 analgesic is about lo m to about 1000 jig. 

29. The method of claim 27 wherein said analgesic is 
dihydroetorphine and said amount of said analgesic for acute 
pain is about 20 to about 60 ng administered sublingually. 

30. The method of Claim 27 wherein said analgesic is 
dihydroetorphine and said amount of said analgesic for 
chrpnic pain is about 20 to about 100 ng administered 
sublingually. 

31. The method of Claim 27 wherein said analgesic is 
dihydroetorphine and said amoynt of said analgesic for acute 
pain is about 10 to about 30 »q administered 
intramuscularly. 

32. The method of Claim 27 wherein said analgesic is r 
dihydroetorphine and said amount of said analgesic for 
chronic pain is about 10 to about 50 M g administered 

25 intramuscularly. 

33. The method of claim 26 wherein said replacement 
opioid is morphine, methadone or fentanyl. 

34. The method of Claim 33 wherein said amount of said 
replacement opioid is about 5 mg to about 100 mg per day. 

30 35. The method of claim 26 wherein said replacement ' 

opioid is morphine and said analgesic is dihydroetorphine or 
a pharmaceutically acceptable salt thereof. 

36. A pharmaceutical composition comprising a low- or 
non-addictive opioid or a pharmaceutically acceptable salt 
thereof, in admixture with a Pharmaceutically acceptable 
carrier. 
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37. The pharmaceutical composition of Claim 36 further 
comprising a replacement opioid. 

38. The pharmaceutical composition of Claim 36 further 
comprising naloxone. 

'5 39. The composition of any one of Claims 36 to 38 

wherein said non-addictive opioid is dihydroetorphine, 
etorphine, ohmefentanyl or an analogue thereof. 

40. The composition of anyone of claims 36 to 39 
wherein said non-addictive opioid is dihydroetorphine 

10 hydrochloride. 

41. The pharmaceutical composition of . Claim 40 wherein 
said composition is in a dosage form for a sublingual tablet 
comprising about 20 /ug to about 40 jug of said 
dihydroetorphine hydrochloride. 

15 42 • The Pharmaceutical composition of Claim 40 where 

said composition is in an injectable dosage form containing 
about 20 uq to about 100 jig of said dihydroetorphine 
hydrochloride. 

43. The pharmaceutical composition of Claim 37 or 38 
20 wherein said amount of said analgesic is from about 10 M g to 

about 1000 ng per day. 

44. The pharmaceutical composition of claim 37 wherein 
said replacement opioid is methadone, morphine, f entanyl or 
buprenorphine . 

25 45 « T he Pharmaceutical composition of Claim 37 or 44, 

wherein said amount of said replacement opioid is from about 
5 mg to about 100 mg per day, 

46. The pharmaceutical composition of Claim .37 wherein 
said analgesic is dihydroetorphine, or a pharmaceutically- 

3 0 acceptable salt thereof, and said replacement opioid is 
methadone. 

47. The pharmaceutical composition of claim 37 wherein 
said analgesic is dihydroetorphine, or a pharmaceutically- 
acceptable salt thereof, and said replacement opioid is 

35 morphine. 

48. A method for preparing dihydroetorphine and 
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analogues thereof which comprises reacting thebaine with an 
excess of methyl vinyl ketone for a time and under 
conditions sufficient to produce a first product and 
recovering said first product; subjecting said first product 
to catalytic hydrogenation to produce a second product and 
recovering said second product; reacting said second product 
with a Grignard reagent of the formula RMgX for a time and 
under conditions to produce a third product and recovering 
said third product; reacting said third product with a 
strong base in an anhydrous solution for a time and under 
conditions sufficient to produce said dihydroetoirphine or 
said analogue thereof; wherein R is a lower alkyl group and 
X is a halogen. 

49. The method of claim 48 wherein R is n-propyl or 
15 iso-amyl. 

50. The method pf claim 4 8 which comprises reacting 
said dihydroetorphine or said analogue with an acid to form 
the corresponding salt and recovering said salt. 

51. A method of preparing etorphine or an analogue. 
20 thereof which comprises reacting an excess of methyl vinyl 

ketone with thebaine for a time and under conditions to 
produce a first product and recovering said first product; 
reacting said first product with a Grignard reagent of the 
formula RMgX for a time and under conditions to produce a 
second product and recovering said seqond product; reacting 
said second product with a strong base in an anhydrous 
solution for a time and under condition to produce said 
etorphine or said analogue thereof; wherein R is lower alkyl 
?hd X is a halogen group. 

30 52 v The method of Claim 51 wherein R is n-propyl, n- 

b.ytyl , n-amyl, iso-amyl or cyqiphexyl. 

53. The method of Claim 51 which comprises reacting 
said etorphine or said analogue with an acid" to form the 
corresponding salt and recovering said salt. 
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